Abstract. Sorafenib, a tyrosine kinase inhibitor, is approved for the treatment of advanced differentiated thyroid carcinoma (DTC). Resistance to sorafenib may appear under treatment and may be associated with increased aggressiveness of the neoplasia. The present study reports the case of a 65-year-old male who underwent total thyroidectomy for a follicular thyroid carcinoma, Hürthle cell variant, in February 2005. Until January 2010, the patient received four consecutive 131 I doses (total dose, 612 mCi) for increased serum thyroglobulin (Tg) and initial faint lung uptake (which eventually became undetectable). Subsequently, the patient developed several sequential bone (humerus, rib and skull), adrenal and lung metastases, the majority of which were surgically removed. Histological examination in all cases revealed evidence of DTC metastases that were strongly positive for Tg, as revealed by immunohistochemistry. In March 2014, sorafenib therapy was initiated, but it was discontinued 10 months later to allow an undelayable prostatectomy. Immediately upon surgery, the patient developed a large metastatic lesion in the right gluteal muscle, whose biopsy revealed undifferentiated neoplasia of epithelial origin, and the patient succumbed shortly afterwards. An extensive comparative search for biochemical and molecular markers was performed on all available tissues (primary tumor, and differentiated and undifferentiated metastases). The primary tumor and all the available metastases exhibited the same molecular oncogenic markers (namely, the RAS mutation p.Q61R and the telomerase promoter mutation C228T). In addition, the undifferentiated metastasis exhibited a p53 mutation. The present study reports a case of a sudden acceleration of DTC metastatic progression following sorafenib discontinuation, which could have been due to the emergence of sorafenib-resistant undifferentiated p53-positive tumor cell clones.
Introduction
Differentiated thyroid carcinoma (DTC) constitutes ~95% of thyroid carcinomas and generally is associated with a favorable long-term survival; however, the prognosis is worse for patients developing distant metastases (DMs) (1, 2) . Radioactive iodine (RAI) therapy is the main treatment modality for DMs with 131 I uptake, but 2/3 of patients with metastatic DTC become RAI refractory (3) . In the majority of cases, progression is likely to occur in metastases without radioactive iodine uptake (in particular when 18 F-FDG uptake is present) and RAI treatment will not be beneficial (3) . Additional therapy involves external radiation, surgery or other local ablative procedures (4) . Systemic therapies with the tyrosine kinase inhibitors (TKIs) sorafenib and lenvatinib have been recently approved (2) (3) (4) (5) . Sorafenib (Nexavar ® ), was the first drug employed in RAI-refractory DTC, and its inhibitory effect has been explored in an international, multicentric, phase 3 study (DECISION trial) (5) . The present study demonstrates that the progression-free survival (PFS) of naïve patients receiving this drug was longer compared with the placebo group (10.8 vs. 5.8 months; P<0.0001). The positive results in terms of the safety and efficacy of sorafenib allowed for the approval of this drug by the FDA in 2013, and by the EMA in 2014. In addition, another TKI drug (lenvatinib, Lenvima ® ), was investigated for the treatment of RAI-refractory DTC, and the results were published in a phase 3, multicenter randomized, placebo controlled study (SELECT trial) (6) . In the SELECT trial, PFS was longer in naïve and second line patients treated with lenvatinibthan compared with the placebo group. Although TKIs are promising in the treatment of RAI-refractory DTC, the main limitation of them is the fact that following a variable period of time from the beginning of treatment, an indefinite number of cancer cells begin to grow again, possibly due to the development of an escape mechanism (7). (Fig. 1A) . During the subsequent 5 years, the patient received four 131 I administrations (cumulative dose, 612 mCi) for increasing serum thyroglobulin (Tg) levels (from 9 to 144 ng/ml) on fully suppressive L-thyroxine therapy and faint lung uptake at 131 I whole body scan (WBS), in the absence of any radiological [computed tomography (CT)] evidence of lung metastases. Bone scintigraphy was negative 3 years after TT. No relevant RAI uptake was detected at WBS performed following the last RAI dose (200 mCi), which was administered 5 years after TT, despite the further increase in serum Tg levels (≥800 ng/ml) obtained with fully suppressed TSH. At that time, a new bone scintigraphy detected an osteolytic lesion in the left humerus neck, which was treated by embolization, electrochemotherapy and partial resection. Histology confirmed an FTC (metastatic lesion) which was strongly positive for Tg at immunohistochemistry (Tg ++ ). Nine months later, a chest CT revealed a new osteolytic lesion at the fifth left rib, which was surgically removed in October 2011. Histology confirmed a Tg ++ FTC (metastatic lesion). In 2012, an infusion cyclic-therapy with zolendronic acid (Zometa ® , 4 mg at monthly intervals) was performed for 12 months. In April 2013, positron emission tomography (PET)/CT displayed a skull bone lesion, which was confirmed by total body CT (TBCT). TBCT also demonstrated a synchronous PET-negative adrenal left metastasis. Both lesions were surgically resected and were histologically confirmed to be FTC metastases expressing Tg and thyroid transcription factor 1 (TTF1). (Fig. 1B and C) . A further TBCT performed 6 months later documented progression of bone metastatic lesions and new appearance of lung metastases. According to the Response Evaluation Criteria In Solid Tumors (8), in March 2014, the patient started a first-line treatment with sorafenib (2,4) with a full daily oral dose of 800 mg. At that time, the patient was asymptomatic and in good general condition, but one month later, the patient developed a severe hand-foot skin reaction, requiring reduction of sorafenib to 400 mg/day. Six months after the initiation of the therapy, a new TBCT demonstrated stable disease, although the progressive increase in serum Tg levels suggested biochemical progression.
Four months later, sorafenib was stopped to allow urgent prostatectomy for acute urinary retention due to prostatic hyperplasia. Three days after the surgery, the patient suddenly reported an intense pain in the sacral region, and a TBCT performed two weeks later identified a markedly large (9 cm) necrotic right gluteus muscle lesion, alongside the appearance of additional lung metastatic lesions. A review of the TBCT scan performed four months earlier confirmed the absence at the time of any detectable mass in the gluteus. Since the precise nature of the gluteal lesion was unclear, a diagnostic biopsy was performed. Histology (Fig. 1D ) revealed an extensively necrotic undifferentiated neoplasia, with rhabdoid aspects, Tg negativity at immunohistochemistry, and positivity for cytokeratin 7, Ki-67 (40%) and TTF1 ( Fig. 2A-D) . All immunohistochemistry assays have been performed using the same platform (Ventana Medical Systems, Inc., Tucson, AZ, -USA); all antibodies were ready-to-use: Thyroglobulin, mouse monoclonal antibody-clone 2H11+6E1 (cat. no., 760-2671); TTF1, mouse monoclonal antibody, clone 8G7G3/1 (cat. no., 790-4462); Ki-67, rabbit monoclonal antibody, clone 30-9 (cat. no., 760-2542) (Ventana Medical Systems, Inc.). Two weeks after the biopsy, the clinical conditions rapidly worsened. Thus, the patient was admitted to a local hospital for severe anemia and succumbed few hours later.
The patient had signed an informed consent form stating that all the clinical examinations required for an accurate diagnosis could be performed. The ethics committee or head of the University Hospital of Cagliari (Cagliari, Italy) reviewed and approved the study protocol. No autopsy was performed. The histological and immunohistochemical features of the primary tumor and all the available metastatic tissues, together with the serum Tg concentrations prior and subsequent to the removal of each metastatic lesion are reported in Table I .
Several oncogenes involved in thyroid tumorigenesis were evaluated in all the available tissues (Table II) . All tumor samples were formalin fixed and paraffin embedded. For each case, the most representative paraffin block was selected, and three 10-µm unstained sections were prepared for DNA purification. The DNA from the primary tumor and that from the adrenal and gluteal metastatic lesions were adequate for molecular analysis. However, bone-derived DNA is known to contain high levels of polymerase chain reaction (PCR) inhibitors (9) . In consequence, the cranial metastatic lesion DNA resulted unsuitable for downstream analyses. An extensive molecular analysis was performed using a mass spectrometry platform (MassARRAY System, Agena Bioscience, San Diego, CA, USA) and the Myriapod Colon Status kit (Diatech Pharmacogenetics SRL, Jesi, Italy), which allowed the identification of 216 cancer-associated hotspot mutations in the KRAS, BRAF, NRAS and phosphatidylinositol-4,5-bisphosphate 3-kinase, catalytic subunit alpha oncogenes. All lesions had the same point mutation in NRAS codon 61 (p.Q61R, c.182C>G), while a wildtype result was obtained for the other oncogenes. These data are in agreement with a previous study reporting that NRAS-mutant thyroid carcinoma exhibit a high risk with respect to develop bone metastases (10) . Further molecular analyses were carried out by PCR, followed by direct Sanger sequencing (AbiPrism 3130 Genetic Anayzer, Applied Biosystem, Foster City, CA, USA) in order to assess the presence of mutations in the exons 4-9 of the p53 gene and in the promoter region of the telomerase (TERT) gene, which are known to be associated with clinicopathological features of aggressiveness in DTC (11) . Sequencing of p53 was carried out following the protocol provided by the IARC TP53 Mutation Database (available on the website: p53.iarc.fr), and analysis of TERT promoter was performed as described previously (12) . The analysis revealed the presence of the C228T TERT promoter mutation in the primary thyroid tumor and in all other metastatic lesions samples. A p53 non-synonymous polymorphism was also identified in the undifferentiated gluteal metastatic lesion [p.P72R, c.215C>G (rs 1042522)], while no p53 amplification reaction was observed with the other samples (primary tumor and differentiated MLs), probably due to high DNA fragmentation and excessive amplicon length (13) . Thus, p53 protein expression was assessed by immunohistochemistry [mouse monoclonal antibody, clone Bp53-11 (cat. no., 760-2542)] and only the gluteal undifferentiated metastatic lesion resulted positive for p53 (Fig. 3A-D) .
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Discussion
Sudden rapid progression of tumors subsequent to sorafenib discontinuation (known as 'flare-up') is considered to be a rather common event, but it has been reported only in a limited number of patients with solid tumors, including a single case of papillary thyroid carcinoma (14) (15) (16) . The mechanisms involved in this phenomenon are unknown, although the emergence of aggressive clones responsive to TKI and a vascular rebound following the withdrawal of angiogenesis inhibition are the most probable explanations (14) . The present case report provides a detailed description of a flare-up phenomenon observed in a patient with metastatic FTC few days following the interruption of sorafenib administration. The availability of formalin-embedded specimens Table II . Mutational status of oncogenes in primary tumor and metastatic lesions. from the primary tumor and several metastases allowed the morphological, biochemical and molecular comparative analyses of all tissues. The primary tumor displayed double oncogenic mutations (RAS and TERT promoter), which are known to be associated with aggressive behavior (11, 12) . Accordingly, the patient developed in the last 5 years of life a large number of metastases (bone, adrenal and lung metastases), which remained well differentiated with a rather slow disease progression. The same two mutations were detected in all the MLs available for analysis, including the undifferentiated gluteal metastases, thus confirming the common origin of both differentiated and undifferentiated MLs. A p53 non-synonymous polymorphism was clearly detectable by Sanger sequencing in the undifferentiated lesion, but no conclusive data were obtained in the primary tumor or in the other metastatic lesions, probably due to high DNA fragmentation and PCR failure. However, immunohistochemical analysis of p53 protein expression indicated that p53 was strongly expressed only in the undifferentiated metastasis. Although the above mutations are typical of different DTC histotypes, the peculiarity of the present case is represented by the documentation of a chronological sequence of the oncogenic mutations from the primary tumor to the last undifferentiated metastasis. Taken together, the present findings suggest that, in the current case, the main pathogenic explanation was the rapid proliferation of p53-mutated neoplastic clones whose growth was previously controlled by sorafenib, which retrospectively appeared to be effective in the patient.
Oncogenes --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------p53 --------------------------------------------------------
In conclusion, the present case confirms that remarkable flare-ups should be always considered prior to sorafenib withdrawal in all patients with metastatic tumors. In addition, the present case offered a unique opportunity to document the 'molecular history' of an aggressive form of FTC, from the primary tumor to the last undifferentiated metastasis.
